isolates of Streptococcus pneumoniae recovered from 200 patients treated at National Taiwan University Hospital were serotyped and their susceptibilities to 16 antimicrobial agents were determined by the agar dilution method. Sixty-one percent of the isolates were nonsusceptible to penicillin, exhibiting either intermediate resistance (28%) or high-level resistance (33%). About two-fifths of the isolates displayed intermediate or high-level resistance to cefotaxime, ceftriaxone, cefepime, imipenem, and meropenem. Extremely high proportions of the isolates were resistant to erythromycin (82%), clarithromycin (90%), and trimethoprim-sulfamethoxazole (TMP-SMZ) (87%). Among the isolates nonsusceptible to penicillin, 23.8% were resistant to imipenem; more than 60% displayed resistance to cefotaxime, ceftriaxone, cefepime, and carbapenems; 96.7% were resistant to erythromycin; and 100% were resistant to TMP-SMZ. All isolates were susceptible to rifampin and vancomycin. The MICs at which 50% and 90% of the isolates were inhibited were 0.12 and 1 g/ml, respectively, for cefpirome, and 0.12 and 0.25 g/ml, respectively, for moxifloxacin. Six serogroups or serotypes (23F, 19F, 6B, 14, 3, and 9) accounted for 77.5% of all isolates. Overall, 92.5% of the isolates were included in the serogroups or serotypes represented in the 23-valent pneumococcal vaccine. The incidence of macrolide and TMP-SMZ resistance for S. pneumoniae isolates in Taiwan in this study is among the highest in the world published to date.
Streptococcus pneumoniae is a common pathogen that causes pneumonia, bacteremia, meningitis, otitis media, and sinusitis and is a major cause of morbidity and mortality among children and adults (12, 22) . The clinical significance of isolates of this organism that manifest resistance to multiple antimicrobial agents, including high-level resistance to penicillin, was first recognized in South Africa in 1977 (15) . Since then, penicillin-nonsusceptible S. pneumoniae (PNSSP; strains with intermediate and high-level resistance) and multidrug-resistant S. pneumoniae (MDRSP) have been isolated from different geographic areas, and in some countries their prevalence has increased remarkably in recent years (3, 13, 16, 17, 19, 25) .
Pneumococci resistant to macrolides and trimethoprim-sulfamethoxazole (TMP-SMZ) have been reported worldwide (1, 13, 16) . High incidences of erythromycin-and TMP-SMZresistant isolates were found in Hungary, South Africa, and Spain (3, 16) . Pneumococci resistant to macrolides and TMP-SMZ are frequently associated with penicillin or multiple-drug resistance and may have evolved in response to different antibiotic pressures in the various communities (3, 16) . In Taiwan, macrolides and TMP-SMZ are widely used in primary care clinics and can be obtained at drugstores without a prescription. Furthermore, macrolides are frequently prescribed as the first-line drug for the treatment of patients with respiratory tract infections in hospitals (13) .
The distribution of serotypes of S. pneumoniae varies according to time and geographic locations (1, 3, 10, 13, 16, 17, 19, 25, 30) . Because it is impossible to include coverage against all 90 known serotypes in a vaccine, a selection should be made on the basis of the types that are most prevalent and that are more resistant to antimicrobial agents in a given geographic area. Although the current 23-valent pneumococcal vaccine is efficacious in preventing invasive pneumococcal infections, the vaccine is designed predominantly to provide coverage against the serotypes of the European and North American strains (27) . Information on the prevailing serotypes of recent pneumococcal isolates associated with clinical diseases and those associated with antimicrobial resistance is essential when monitoring the appropriateness of the 23-valent vaccine (the vaccine is not available in Taiwan) (13) .
In the present article we analyze data on the susceptibilities (as determined by the disk diffusion method) of S. pneumoniae strains obtained over a 14-year period from a university hospital in northern Taiwan and study the distribution of serotypes and the incidence of antimicrobial resistance among 200 clinical isolates collected from 1996 to 1997 at National Taiwan University Hospital.
MATERIALS AND METHODS

Bacterial isolates.
A total of 837 isolates of S. pneumoniae were recovered from various clinical specimens from patients who were treated at National Taiwan University Hospital, a tertiary-care referral center with 2,000 beds in northern Taiwan, from January 1984 to December 1997. All the isolates were identified by recognition of the typical colony morphology on Trypticase soy agar supplemented with 5% sheep blood (BBL Microbiology Systems, Cockeyville, Md.), Gram staining characteristics, susceptibility to ethylhydrocupreine hydrochloride (optochin; Difco Laboratories, Detroit, Mich.), and bile solubility (26) . Two hundred isolates of S. pneumoniae collected from January 1996 to December 1997 were preserved for further study. All of these isolates were stored at Ϫ70°C in Trypticase soy broth (BBL Microbiology Systems) with 15% glycerol and 5% sheep blood until they were tested.
␤-Lactamase detection. The ␤-lactamase activities of the isolates were determined by a chromogenic cephalosporin assay (Cefinase; BBL Microbiology Systems).
Serotype determination. All isolates were serogrouped or serotyped by the capsular swelling (Quellung reaction) method (17) . Serogroups 23, 19 , and 6 were further serotyped with the corresponding factor sera. All antisera were obtained from the Statens Seruminstitut in Copenhagen, Denmark.
Statistics. The two-tailed Fisher's exact test was used for statistical analysis. A P value of Ͻ0.05 was considered statistically significant.
RESULTS
Trend of penicillin and erythromycin nonsusceptibility. Figure 1 shows the annual incidences of penicillin nonsusceptibility and erythromycin resistance (including intermediate and high-level resistance) among the 837 isolates of S. pneumoniae obtained from 1984 to 1997. The numbers of the organisms isolated rose remarkably in 1996 and 1997 compared with the numbers recovered before 1996. A PNSSP isolate might have first been seen in 1986 (the disk used for determination of penicillin susceptibility was not the standard 1-g oxacillin disk), and a stepwise increase in the rates of PNSSP from 1.6% in 1992 to 66.2% in 1997 was also noted. A dramatic rise in the rate of erythromycin resistance was also seen, from 9.1% in 1984 to 85.8% in 1997.
Antimicrobial susceptibilities. Table 1 presents the MIC range, the MICs at which 50% of isolates are inhibited (MIC 50 s), and the MIC 90 s of the 16 antimicrobial agents for 200 isolates of S. pneumoniae. MICs of the 11 agents tested for all three control strains were within the acceptable quality control ranges provided by NCCLS (24) . None of the isolates produced ␤-lactamase. Sixty-one percent of the isolates were nonsusceptible to penicillin, exhibiting either intermediate resistance (28%) or high-level resistance (33%). For 18 isolates (9%) penicillin MICs were Ն4 g/ml. Among the five cephalosporins tested, cefpirome was the most active, with the MIC 50 and the MIC 90 being 0.12 and 1 g/ml, respectively. Extremely large numbers of the isolates were resistant (including intermediate and high-level resistance) to erythromycin (82%), clarithromycin (90%), and TMP-SMZ (87%). All isolates were susceptible to rifampin and vancomycin. The MIC 50 and MIC 90 were 0.12 and 0.5 g/ml, respectively, for cefpirome, and 0.12 b Among the 66 isolates for which MICs were Ն2 g/ml, MICs were 2 g/ml for 48 isolates, 4 g/ml for 5 isolates, and 8 g/ml for 13 isolates.
c Ratio of concentrations of trimethoprim and sulfamethoxazole, 1:19.
and 1 g/ml, respectively, for moxifloxacin. The activity of moxifloxacin was eightfold higher than that of ciprofloxacin. Table 2 presents the MIC ranges, MIC 50 s, MIC 90 s, and percentages of resistance of eight agents for which the criteria defining susceptibility or resistance were provided by NCCLS for penicillin-susceptible S. pneumoniae (PSSP) and PNSSP isolates. Among the PNSSP isolates, more than 60% were also resistant to cefotaxime, ceftriaxone, cefepime, and carbapenems, 96.7% were resistant to erythromycin, and 100% were resistant to TMP-SMZ. All penicillin-resistant S. pneumoniae (PRSP) isolates were resistant to multiple drugs. Serotype distribution. The distribution of serotypes of the 200 isolates of S. pneumoniae tested in this study as well as those obtained from two previous Taiwanese studies is presented in Table 3 . In the present study, 185 isolates (92.5%) belonged to 15 different serotypes and 7.5% of the isolates were nontypeable. Serogroups or serotypes 23, 19, 6, 14, 3, and 9 accounted for 80.5% of all isolates (Table 3 ). All serogroup 6 isolates belonged to serotype 6B, 97% of serogroup 23 isolates belonged to serotype 23F, and 91% of serogroup 19 isolates belonged to serotype 19F. Compared with the serogroup and serotype profiles presented in two previous studies for isolates obtained during different time periods, four major serogroups and serotypes varied in their frequencies: the frequencies of serogroups and serotypes 23 and 19 increased remarkably, and those of serogroups and serotypes 14 and 1 declined (10, 13) . Overall, 92.5% of the isolates were included in the serogroups or serotypes covered by the 23-valent pneumococcal vaccine.
Patients' ages, sources of specimens, serotype distributions, and antimicrobial susceptibilities. As indicated in Table 4 , the majority (60%) of the isolates studied were recovered from respiratory secretions, followed by blood samples (27%). The incidence of PRSP isolates varied with the source of the specimen from which the isolate was recovered; values ranged from 41% among isolates from blood samples to 83% among isolates from upper respiratory secretions. Isolates of respiratory origins also had higher incidences of resistance to erythromycin (nearly 90%) and TMP-SMZ (Ͼ90%) compared with the incidences for isolates from blood samples (Ͻ80%). Only four isolates were recovered from cerebrospinal fluid; among these four isolates, two were susceptible to penicillin, ceftriaxone, and cefotaxime and the remaining two isolates had high-level resistance (MICs, 2 g/ml for each agent) to these three agents.
The six major serogroups and serotypes of S. pneumoniae were widely distributed in the various specimens (Table 4) . Among the 54 isolates from blood, 28 (52%) isolates belonged to serogroups 23 and 19 and only 2 (4%) isolates were of serotype 3. PNSSP isolates belonged to 10 serogroups or serotypes. Among them, serogroup 23 isolates had the highest incidence of penicillin nonsusceptibility (Fig. 2) . For 60% (38 isolates) of PNSSP serotype 23F isolates and 71% (15 isolates) of PNSSP serotype 6B isolates, erythromycin MICs were Ն256 g/ml. For 80% (32 isolates) of PNSSP 19F isolates penicillin MICs were 1 to 2 g/ml. None of pneumococcal serotype 3 isolates was nonsusceptible to penicillin.
The incidence of penicillin nonsusceptibility for isolates recovered from patients who were Յ15 years of age (108 isolates; 90 isolates were recovered from children who were Ͻ5 years old) and those from patients who were Ͼ16 years of age (92 isolates) was not significantly different (65 versus 57%; P Ͼ 0.05). The differences in the incidences of resistance to erythromycin and TMP-SMZ between these two groups were also not statistically significant. The serogroup distributions of isolates from these two patient populations (Յ15 years of age and Ͼ16 years of age) were similar: for serogroup 23, 30 versus 35 isolates; for serogroup 19, 20 versus 24 isolates; and for serogroup 6, 12 versus 9 isolates.
DISCUSSION
Resistance to penicillin and other ␤-lactam antibiotics among strains of S. pneumoniae is now widespread, and the rate is (3, 15, 17, 19) . In the present study, the remarkably stepwise increase in the rate of penicillin nonsusceptibility from 1.6% in 1992 to 66.2% in 1997 is impressive. This remarkable increase in the rate of penicillin nonsusceptibility existed not only among isolates from respiratory sources but also among those that cause invasive infections (12, 13) . This finding suggests that PNSSP has been spreading very rapidly over the past few years in Taiwan. Two facets regarding the antimicrobial susceptibilities and serotype distributions of clinical isolates of S. pneumoniae in Taiwan are of particular importance. First, the incidences of macrolide and TMP-SMZ resistance of Taiwanese S. pneumoniae isolates in this study are among the highest figures published to date. Second, the high incidence of macrolide-resistant, TMP-SMZ-resistant, and PNSSP isolates is probably due to the dissemination of clones of some serotypes, i.e., serotypes 23F, 19F, and 6B (12) .
In Taiwan, we are concerned with the current status of the high incidence of macrolide resistance among respiratory bacterial pathogens, especially S. pneumoniae, for two reasons (13, 14, 29, 32) . First, erythromycin and some long-acting new macrolides (roxithromycin, clarithromycin, and azithromycin) are commonly used in primary care clinics (both adult and pediatric clinics) and are prescribed for the treatment of respiratory tract infections in outpatients and hospitalized patients. Furthermore, these drugs can easily be obtained at drugstores without a prescription (13) . The widespread use of macrolides might contribute to the extremely high incidence of macrolide resistance among nasopharyngeal isolates that colonize healthy children (9) or clinical isolates of S. pneumoniae from various sources from symptomatic patients (as shown in this study) in Taiwan. Second, the guidelines for the treatment of community-acquired pneumonia in adults recommended by the 1993 American Thoracic Society and the 1998 Infectious Diseases Society of America as well as the suggestions for the management of sinusitis, otitis media, and chronic bronchitis, which all (ATS and IDSA) included one macrolide or TMP-SMZ as the drug of choice or as an alternative antimicrobial agents, may be inappropriate in this area because of the high incidence of resistance to these two agents (2, 5, 22) .
The continued spread of PNSSP strains, particularly MDRSP strains, is providing a therapeutic dilemma (5, 7, 8, 15) . Recent studies recommended that pneumonia and/or bacteremia caused by S. pneumoniae strains for which penicillin MICs are Յ2 g/ ml may be treated successfully with intravenous high-dose penicillin (5, 8, 15) . If we followed these guidelines for the empiric treatment of community-acquired pneumonia, vancomycin or other agents that are active in vitro are preferred because for Ն30% of the isolates MICs are Ն2 g/ml (5, 8, 15) . For bacterial meningitis in adults and children, an empiric antibiotic regimen should also include vancomycin (vancomycin alone or in combination with ceftriaxone or cefotaxime) because many of the S. pneumoniae isolates tested were nonsusceptible to penicillin and extended-spectrum cephalosporins (15, 21, 23, 24) . Further isolates from cerebrospinal fluid or blood specimens from Taiwanese patients with meningitis should be studied for their susceptibilities to these agents. From the MIC point of view, moxifloxacin and cefpirome may be agents with potential for the treatment of infections caused by PRSP in Taiwan (28, 31) .
The remarkably high incidence of TMP-SMZ resistance in S. pneumoniae isolates in Taiwan was first documented in this study. The upsurge in resistance associated with the increased incidence of penicillin resistance and multidrug resistance has been reported in many countries (1, 16) . The chronological trend of resistance to this drug in the National Taiwan University Hospital is not known because this drug was not included in the antibiotic panel for routine disk susceptibility testing of S. pneumoniae isolates. However, our previous study showed no TMP-SMZ resistance among 115 isolates (PNSSP, 12.2%; MDRSP, 40.9%) recovered from southern Taiwan (13) . There is no plausible explanation for this change in the b The numbers of isolates for which MICs were Ն2 g/ml were as follows: 20 isolates from the throat, nose, ear, or sinus specimens, 30 isolates from sputum or bronchial washing specimens, 10 isolates from blood specimens, 2 isolates from cerebrospinal fluid specimens, 1 isolate from a pleural effusion specimens and 3 isolates from other specimens. Isolates for which penicillin MICs were 8 g/ml were all recovered from respiratory sources.
c These specimens included would discharge (14 isolates), ascites fluid (1 isolate), synovial fluid (1 isolate), and bile (1 isolate).
rate of resistance. More isolates should be collected from various parts of Taiwan, and molecular studies should be conducted to clarify this phenomenon. The serotype distribution of the S. pneumoniae strains reported in this study was different from those described for isolates obtained during other time periods in Taiwan and is similar to those for isolates from some other geographic areas of the world (1, 10, 13, 17, 18, 19, 25, 30 ). Fulminant infections that were caused by serotype 3 isolates and that resulted in a rapidly fatal outcome were a major threat in the past few years in Taiwan (12) . Fortunately, at present the incidence of this serotype has decreased compared to that reported in our previous study (13) . Although penicillin resistance in serotype 3 strains was recently reported in Norway, all of our Taiwanese serotype 3 isolates were susceptible to penicillin (6, 12) .
In conclusion, this survey provides further emphasis for the need to routinely test S. pneumoniae isolates for their antimicrobial susceptibilities. With the increasing incidence of PNSSP and MDRSP in Taiwan and the decreasing availability of adequate antibiotic treatments for PNSSP infections, strict control of antibiotic usage and the introduction of the 23-valent pneumococcal vaccine seem to be essential for improving the present unfavorable situation.
